When a plant is rotated on a clinostat, with its axis parallel to the ground, the axis may remain straight. According to Sachs (9), the successive stimuli of gravity compensate each other and, therefore, there is no tropic reaction. Czapek (4) on the other hand, felt that under these conditions, there is no perception of the gravity by the plant and consequently no tropic reaction.
When a plant is rotated on a clinostat, with its axis parallel to the ground, the axis may remain straight. According to Sachs (9) , the successive stimuli of gravity compensate each other and, therefore, there is no tropic reaction. Czapek (4) on the other hand, felt that under these conditions, there is no perception of the gravity by the plant and consequently no tropic reaction.
In connection with an attempt to study the effect of clinostat rotation on photoperiodism, a special clinostat was built with a large wheel upon which a number of plants could be rotated simultaneously, with the plants anchored near the periphery of the wheel and not at the axis of rotation. Instead of remaining straight, the stems were predominantly bent along the circumference of the circle in the direction of rotation. The studies reported here are an attempt to find the causal factors of this uni-directional bending.
Methods & Materials
The plants used for the experiments were Xantthium pensylvanicumn, Wallr., grown from seeds obtained in the vicinity of Chicago, Ill. The burs were planted in flats and the seedlings were transplanted 4 to 6 days after emergence into 4-inch pots. These were placed on benches and given 20 hours of light each day until they had six to eight mature leaves, at which time they were used for the experiments.
Instead of the standard clinostat, a modified form which we choose to call a rotator was used (see fig  la) . It is capable of handling 24 plants at one time.
It is driven by a 1/70 hp synchronous electric motor; the 0.75 inch thick plywood turntable was rotated at Anatomy, UCLA Medical Center, Los Angeles, Cal. one revolution in 4 minutes, a velocity found effective in preliminary experiments. The pots are held horizontally in holes in the turntable by rubber bands and hooks. When placed into this position, no perceptable downward bending of the stem could be noted.
The constant temperature rooms used for experimental work are metal lined walk-in refrigerator boxes, having on the ceiling, banks of 8 foot coolwhite fluorescent tubes with additional incandescent bulbs to provide a light quality for vigorous growth. The light cycle treatment was 20 hours of light (approx. 800 ft-c) and 4 hours of dark. This will be called the light treatment in our paper.
All bending measurements were taken with the aid of a protractor. For the analysis of directional bending, a plant bending inward toward the rotational axis is assessed a directional value of 00 (see fig 1) . A plant bending precisely forward in the rotation direction is assigned the directional value of 900. A plant bending outward diametrically opposite to O0 is given the directional value of 1800 and a plant bending precisely backward is given the directional value of 2700. Any deviation from these points is measured in 10 increments.
The degree of vertical bending is also measured in 1°increments with the value of 00 assigned to the main axis.
A diagram which we call the scatter diagram is presented in this paper to illustrate the directional and vertical bending measurements (see fig lb) .
An analysis showed that there is no difference in outward or inward bending. The terms, forward bending, backward bending, and neutral bending, are used to segregate the directional bending into three distinct groups to facilitate the analysis of the rotational effect. figure 2 . The majority of plant stems bent forward and a large number of them are clustered around the directional angle of 90°. Of all measurements taken, 73 % fell between the limits defined for forward bending, 5 % for backward bending, and 22 % for neutral bending.
In order to visualize clearly the distribution of directional bending, the points of the scatter diagram were grouped into 30°sectors in figure 3 . The average vertical bending of stems for all the measurements is 330.
There is a high predominance of stems bending in the direction of rotation with a rather even distribution of both sides of this vector minutes in a dark room. The controls were placed nearby in an upright position. This experiment, consisting of six lots, was conducted from March 9 to June 1, 1960. The measurements were taken daily in dim green light which is phototropically inactive and not exceeding 15 minutes duration.
The results of the directional bending of the stems were segregated into forward, backward, and neutral bending groups. In dark, about 50 % of the stems bent forward, 12 % bent backward, 38 % of the stems showed neutral bending (table II) .
The data of the directional and vertical bending of the stems are shown as a scatter diagram in figure   4 . The number of plants in each 300 sector is shown The percentage of plants whose stems bent forward in dark was 50. This is a marked (lecrease from the 73 % found in the previous experiment where the stems were exposed to light. Conversely, the backward bending stems in the dark condition have increased from 5 to 12 % and the neutral bending stems have increased from 22 to 38 %. The average vertical bending of 310 of this experiment is not significantly different from that of 330 of the previous experiment. To determine whether or not the direction of rotation has an effect on the stem bending response, the rotator was reversed to turn counterclockwise. All other conditions of the experiment remained the same. This experiment was started on May 28, 1960.
In the constant temperature room, eight plants were rotated in a counterclockwise direction at the rate of one revolution in each 4 minutes and given the light treatment. Control plants, eight in number, were placed on a bench nearby. The stem bending measurements were taken daily for 3 days. To check the bending in dark, the experiment was repeated in dark, and the bending measurements were taken under dim green light 24 and 48 hours after the start of rotation.
The results of the light and the dark treatments are shown in table VI. From a total of eight plants rotated in the light, five stems bent forward, only one bent backward and the remaining two had neutral bending. In the dark treatment, five stems bent forward, two bent backward, and one had neutral bending. These findings agree with the results of the previous experiments. Thus, the reversal of the rotation direction did not affect the direction of the stem bending. Discussion The tropic response of plants to gravity and light involves the action of auxin and is associated with the unequal distribution of auxin in the stimulated organs. Even in the view of the extensive knowledge of auxin properties, however, the physical processes of geotropism or phototropism are still not well understood.
It has been reported (10) that, in plants rotated on a horizontal clinostat, the roots, regardless of light conditions, showed a predominate bending away from the direction of rotation. One would assume that such a bending might occur due to the unequal distribution of auxin. The question, however, arises as to why these roots bent away from the direction of rotation while the rotation itself is equalizing the forces of gravity over a period of time. In early investigations (7, 9, 10) the authors do not give a feasible explanation for their findings; it appears that the scope of their investigations was inadequate to reach any conclusions. The experimental procedures used in our investigation differed from those used by the early workers in that A, none rotated their plants at any distance away from the rotational axis; B, many used the intermittent rotating clinostat; C., a pretreatment was usuallv given to the seedlings by placing them horizontally for a specific length of time. Our experiments employed a rotator whiclh turned at a constant speed. Under such conditions. it would be assumed that without the horizontal pretreatment, the stem would grow straight. Yet, a stem bending was observed in our investigations.
More strikingly it was observed that, among the stems that showed bending, the stems bent predomiii- (6) and BennetClark and Ball (2) are of interest in this connection. In these investigations, the evidence is good that light affects the geotropic response. In Pilet's studies, it was found that the stamens of Hosta caeruilea are positively geotropic in the dark and are negatively geotropic in the light. Bennet-Clark and B3all (2) showed that the rhizome of Aegopodiumiii podograria, which grow diageotropically (horizontally) in the dark, will change to a positive geotropic response wlhen it is exposed to light.
In rotation experiments, roots which are geotropically positive bent backward away from the rotation direction and the stems which are geotropically negative bent forward in the rotation direction.
The data obtained on the stem bending response in light indicate that there is a difference in the response by the plants to different rotational velocities.
Larsen (5) 
